1. Introduction {#sec1}
===============

The interest of the scientific class in the study of compounds of plant origin is increasing worldwide, especially in developing countries where the use of herbal medicines is widely used for their basic health needs \[[@B1]\].

It is known that medicinal plants have been used worldwide since ancient times for the treatment of various diseases, including asthma, abdominal disorders, skin diseases, respiratory and urinary complications, and liver and cardiovascular disease \[[@B2], [@B3]\]. This empirical knowledge comes from the plant defense system, which generates numerous compounds with diverse molecular structures, far superior to those derived from synthetic products \[[@B4]\], so the great interest in the elucidation of new active principles.

Only in the last two decades, studies focused on natural compounds with antioxidant activities have shown enormous growth, since a substantial amount of evidence has indicated that cell damage caused by oxidative stress has been considered an important factor in aging and in the development of a wide variety of pathologies, such as autoimmune diseases, infectious and/or inflammatory diseases, and degenerative and neurodegenerative diseases \[[@B5], [@B6]\]. Thus, the importance of the search for natural products with antioxidant effect is emphasized, as they are able to prevent,

stabilize, or disable free radicals before they attack biological targets in cells (DNA, proteins, and lipids) \[[@B7]\].

Often, people use plants to treat a variety of diseases, without knowing their toxic potential, which can be harmful to human health. One of the main problems in the use of natural products is the belief that products of plant origin are free from adverse reactions and toxic effects \[[@B8]\]. Thus, studies on the toxicity of medicinal plants are important, in order to define the risk associated with phytotherapy, as well as guide research for the isolation of certain compounds until the development of new drugs.

The species *Chaptalia nutans* (L.) Pol. (*C. nutans)*, belonging to the family Asteraceae, known as "língua-de-vaca" or "arnica-do-campo," is an annual herbaceous species native to the Americas and can be found from Mexico to Argentina \[[@B9], [@B10], [@B11]\]. The species is easily distinguished by having herbaceous size, blackened roots, very small stem from which sessile, papyraceous, lyrical, rosy, and hairy leaves emerge on the back, and long thin floral scents of up to 79 cm (length), which support the inflorescences \[[@B12], [@B13], [@B14]\]. The leaf has a unistratified epidermis covered by a clearly streaked cuticle and numerous trichomes on the back, these characteristics being used for taxonomic purposes and also in drug morphodiagnosis \[[@B15]\].

Widely used in folk medicine, its leaves are indicated internally as laxative and anticough medications, especially in the traumatisms, wounds, and hemorrhages in topical preparations \[[@B12]\]. Pharmacological assays were conducted with leaves of C. *nutans*, in order to justify the effects attributed to them, and the anti-inflammatory, cholinergic. and antimicrobial activities were proven \[[@B16], [@B17]\]. From the crude extract of the roots of this plant, a coumarin, 7-O-*β*-D-glucopyranosylnutanocoumarine, with antibacterial activity for *Bacillus subtilis* and *Staphylococcus aureus* was found\[[@B18], [@B19]\]. According to the same authors, the healing of contaminated wounds comes from this compound.

Although these reports validate its folk use, to date, no studies of its phytochemical composition, antioxidant activity, and cytotoxicity have been evidenced, thus making important new investigations. Interest in the demand for more plant-derived drugs is gradually increasing, which are sometimes considered safe when compared to synthetic drugs \[[@B20]\].

The objective of this work was to evaluate the chemical constitution of the hydromethanolic (30/70 methanol-water) macerating extract obtained from the leaves and roots of *C. nutans*, as well as to study the antioxidant, antimicrobial, cytotoxic, and genotoxic activity of the species.

2. Materials and Methods {#sec2}
========================

2.1. Plant Material {#sec2.1}
-------------------

*C. nutans* species were collected manually from São Francisco de Assis-Rio Grande do Sul (Brazil) (Lat.: 29°33′01″S *e* Long. 55°07′52″W). The plant material was identified by Patrícia de Oliveira Neves (Biologist), Federal University of Pampa (Campus São Gabriel), Brazil. A voucher specimen was deposited in the Herbarium of Federal University of Pampa (HBEI 203).

Leaf (18.19 g) material was dried, powered, and extracted using hydromethanolic (30/70 methanol-water) macerating (30 g/100 mL) over four weeks. After that, the crude extract was concentrated using a rotary evaporator. For antibacterial assay, the crude extract was subjected to partitioning by sequential extraction using increasing polarity solvents: hexane (Hex), chloroform (CHCl~3~), ethyl acetate (EtOAc), and n-butanol (BuOH). The fractions were concentrated in a rotary evaporator.

2.2. Phytochemical Analysis {#sec2.2}
---------------------------

The plant extract was assessed for the existence of cyanogenic glycosides, phenols, tannins, anthocyanins, proanthocyanidins, flavonoids, catechins, steroids, triterpenoids, saponins, resins, alkaloids, and quaternary bases by the phytochemical analysis (screening) using typical standard methods \[[@B21]\].

### 2.2.1. Total Polyphenols, Flavonoids, and Condensed Tannins Assay {#sec2.2.1}

The total phenolic compounds in the leaf extract were determined according to the Folin--Ciocalteu method \[[@B22]\]. Results of total phenolic contents were expressed as milligrams of gallic acid equivalents (GAE) per mL extract.

Total flavonoid compound was measured by the aluminum chloride colorimetric assay based on the work by Woisky and Salatino \[[@B23]\]. Total flavonoid compound of the extract was expressed as mg quercetin equivalent/mL extract (mg QUE/mL EXT).

Condensed Tannins were determined by Morrison et al. \[[@B24]\]. Briefly, 0.1 mL of the leaf sample was added to aliquots (25 mg/mL) to 0.9 mL of methanol and 5.0 mL of vanillin reagent. Then, it was heated in a water bath at 40°C for 20 minutes, and absorbance was read at 500 nm. The analysis was performed in triplicate using catechin as standard (0.0025--0.2 mg·mL^−1^) (*Y* = 0.0015*x* − 0.0005, *r* = 0.9968). The results were expressed in milligram equivalents of catechin per milliliter of extract/fraction (mg CAT/mL EXT).

### 2.2.2. Determination of Chemical Composition by HPLC-DAD-MS {#sec2.2.2}

The identification and quantification of the secondary metabolites of *C. nutans* crude extract followed the methodology proposed by Vieira et al. \[[@B25]\], with minor modifications. High-performance liquid chromatography coupled with a mass spectrometry detector (HPLC-DAD-MS) corresponded to a Shimadzu Prominence UFLC (Shimadzu, Kyoto, Japan) equipped with an Auto-Sampler (SIL-20AHT), two Shimadzu LC-20ADT reciprocating pumps connected to the degasser DGU20A3R, integrator CBM20A, UV--VIS detector DAD SPD-M20A, and oven CTO-20A.

The HPLC system was coupled to the compact quadrupole time-of-flight (Q-TOF) mass analyzer (Bruker Daltonik GmbH, Bremen, Germany), which was controlled using Ot of Control Software. The parameters for analysis were set using negative ion modes with spectra acquired over a large range from 50 to 1200 *m*/*z*. The optimum values of the ESI-MS parameters were a capillary voltage of 4500 V, drying gas temperature of 215°C, drying gas flow of 10.0 L/min, nebulizing gas pressure of 5.0 Bar, collision RF of 150 Vpp, transfer time of 70 ls, and a prepulse storage of 5 ls. Additionally, automatic MS/MS experiments were performed using nitrogen as collision gas and by adjusting the collision energy values as follows: *m*/*z* 100, 20 eV; *m*/*z* 500, 30 eV; and *m*/*z* 1000, 35 eV. The MS data were analyzed using Data Analysis 4.0 software (Bruker Daltonics, Bremen, Germany).

Analyses were carried out within the C-18 column (4.6 mm × 250 mm, Merck, Germany) packed with 5 *μ*m diameter particles and within the C-18 precolumn (RP 18 5 *μ*m, Merck, Germany). The first mobile phase, phase A, was two percent acetic acid at a pH of 4.2. The second mobile phase, phase B, used methanol, acetic acid, and distilled water at a ratio of 18 : 1:1, respectively. The gradient elution was 0 min: 20% of B, 0--25 min: 50% of B, 25 min: 20% of B, and 30 min: 20% of B (end of run), at the flow rate of 0.8 mL·min^−1^. The peaks were identified by comparing the present results with the retention times and mass spectrums from the software library and external standards. The external standards included a 40% isoflavone pool (Daidzin: 3.1%, Glycitin: 1.56%, Genistin: 0.98%, Daidzein: 35.49%, Glycitein: 0.1%, and Genistein: 0.03% - Dongming Huiren Biological Products, Shandong, China) between 0.156 and 2.34 mg/mL of glycitin, 3.5--53.2 mg/mL of daidzein, 3--4.5 *μ*g/mL of genistein, and levels of caffeic acid, gallic acid, clorogenic acid, catequin, luteolin, cumarin, quercetin, and rutin (all standards by Sigma-Aldrich, St Louis, MO, USA) between 1.5 and 24 *μ*g/mL. The samples and standards were tested in triplicate. The results are presented as mean ± standard deviation.

2.3. In Vitro Antioxidant Activity {#sec2.3}
----------------------------------

### 2.3.1. DPPH Radical Scavenging Activity {#sec2.3.1}

The percentage antioxidant activity (AA%) of the leaf extract was obtained using the DPPH (2,2-diphenyl-1-picryl-hydrazyl) radical absorbance assay, according to the procedure described by Choi et al. \[[@B26]\] with some changes. The reaction mixture contained sample and DPPH in ethanol at different concentrations (250, 125, 62.5, 31.25, 15.62 *e* 7.81 *μ*g/mL). When DPPH reacts with an antioxidant compound, which can donate hydrogen, it is reduced. The positive control was ascorbic acid at the same sample concentration. The changes in color (from deep violet to light yellow) were read (Absorbance (Abs)) at 518 nm after 30 min of reaction using a UV-VIS spectrophotometer (Spectrophotometer Pharo 100 Spectroquant®-Merck KGaA, Darmstadt, Germany). The reaction occurred in 30 minutes, and soon after that the absorbance was read in the spectrophotometer at 518 nm. The whole test was performed in triplicate. The percent DPPH˙ scavenging effect was calculated from the following equation:$$\begin{matrix}
{\text{DPPH}\left( {\text{scavenging effect }\%} \right) = 100 - \frac{\text{Abs}_{\text{sample}} - \text{Abs}_{\text{blank}}}{\text{Abs}_{\text{contol}}} \times 100,\,} \\
\end{matrix}$$where Abs ~sample~, Abs ~blank~, and Abs ~control~ are the absorbance of the sample, blank, and negative control. The inhibitory concentration IC~50~ was calculated by interpolation from linear regression analysis.

### 2.3.2. Ferric Reducing Antioxidant Power Assay (FRAP) {#sec2.3.2}

The antioxidant power activity of C*. nutans* performed by the iron reduction ability (FRAP) was performed according to the methodology described by Rufino et al. \[[@B27]\], with minor modifications. The samples were prepared at the concentration of 1000 *μ*g/mL and diluted in distilled water. The test was performed in triplicate, from the addition of 200 *μ*L of the sample and 1800 *μ*L of the FRAP reagent. Subsequently, the samples were stored in an oven (37°C) for four minutes. The reading was performed on an Ultraviolet-Visible (UV-VIS) spectrometer at 593 nm. A standard curve of ferrous sulfate at concentrations of 1000 mmol/L to 62.5 mmol/L (*y* = 0.000049*x* + 0.036181, *R*^2^ = 0.9922) was used to perform the calculations.

### 2.3.3. Lipid Peroxidation Assay (TBARS) {#sec2.3.3}

Thiobarbituric acid reactive substances were used as a measure of oxidative stress according to Okhawa et al. \[[@B28]\]. In summary, the samples were mixed with 1 mL of 10% trichloroacetic acid and 1 mL of 0.67% thiobarbituric acid and then heated in a boiling water bath for 30 minutes. TBARS was determined by absorption of 535 nm. The results were expressed as malondialdehyde equivalent per milligram of protein (Eq MDA/mg protein).

### 2.3.4. TBARS Induced by Ferrous Sulphate (FS) {#sec2.3.4}

Another method used for lipid peroxidation analysis was TBARS (thiobarbituric acid reactive species), according to the methodology described by VYNCKE \[[@B29]\], with some modifications. In this method (with damage inducer), 1% diluted egg yolk (v/v) was used in 100 mM TRIS HCl pH 7.4 buffer, using ferrous sulfate aqueous at a concentration of 13.9 *μ*g/mL as a damage inducer. The concentrations of *C. nutans* extract used were 10, 100, and 1000 *μ*g/mL^−1^ (p/v). Buffer solution was used as negative control. Absorbance was read on a 532 nanometer wavelength spectrophotometer. Analysis was performed in quadruplicate.

### 2.3.5. Determination of the Protein Content of Carbonyl Groups {#sec2.3.5}

The determination of oxidized protein content (carbonyl grouping) was performed by the reaction of carbonyl groups with 2,4-dinitrophenylhydrazine (DNPH), as previously described by Levine et al. \[[@B30]\]. Briefly, heparinized whole blood was precipitated with 10% TCA and, after centrifugation, the pellet was treated with 1 mL of 0.2% DNPH in HCl (2 mol/L) or 1 mL HCl (2 mol/L) as a white. The samples were incubated for one hour at room temperature with shaking for 5 minutes. 200 *μ*L of TCA was then added, and the precipitated proteins were subsequently washed three times with 10% TCA, three times with ethanol/ethyl acetate 1 : 1 (v/v) and three times again with 10% TCA. The final precipitate was dissolved in 6 mol/L guanidine hydrochloride with TCA: the insoluble debris was removed by centrifugation. The concentration of carbonyl groups was calculated from the absorbance at 370 nm using 21.5 mmol·L/cm as the extinction coefficient for aliphatic hydrazones, and the results were expressed as carbonyl mmol per mg protein (mmol Carbonyl/mg Protein).

### 2.3.6. Assessment of DCFH Oxidation {#sec2.3.6}

The evaluation of the oxidation of the 2,7-dichlorofluorescein (DCFH) of the crude extracts of the leaf of C. *nutans* was carried out to determine the level of intracellular generation of reactive oxygen and nitrogen species (RONS), a general index of stress oxidative according to Myrhe et al. \[[@B31]\]. The assay reaction mixture consisted of 150 *μ*L of 0.1 *μ*M potassium phosphate buffer (pH 7.4), 40 *μ*L of distilled water, 5 *μ*L of DCFH-DA (200 *μ*M, final concentration 5 *μ*M), and 5 *μ*L of the sample (1 : 10 dilution). The emission of DCF fluorescence resulting from the oxidation of DCFH was monitored for 10 min (30 s intervals) at 488 and 525 nm, excitation and emission wavelengths, respectively, using a SpectraMax plate reader (Molecular Devices, CA, USA). The rate of DCF formation was expressed as a percentage (% of control group).

2.4. Antimicrobial Activity Assay {#sec2.4}
---------------------------------

Crude extracts and fractions were individually evaluated against *P. aeruginosa* (ATCC 9027), *B. cereus* (ATCC 33019), *E. epidermidis* (ATCC 1228), *E. coli* (ATCC 25922), *S. aureus* (ATCC 33019), *E. faecalis* (ATCC 29212), *P. mirabilis* (ATCC 25933), *Candida glabrata* (clinical isolate), *Candida tropicalis* (clinical isolate), *C. krusei* (clinical isolate), and *C. albicans* (clinical isolate). Antibacterial susceptibility testing was performed as recommended by CLSI (Clinical and Laboratory Standards Institute) document M07-A9 \[[@B32]\] and antifungal was in accordance with protocol M27-A3 for yeast fungi of the Clinical and Laboratory Standards Institute (CLSI) \[[@B33]\]. Bacterial strains were grown overnight at 35°C for 24 h on Mueller--Hinton agar and fungal strains at 35°C for 48 h or 72 h on Sabouraud Dextrose agar. Successive dilutions from 2000 to 15.6 *μ*g/mL of the extracts were prepared in 96-well microplates. For this, 200 mg/mL stock solutions in 1% DMSO were used. 90 *μ*L of this solution was transferred to the microplates, which already contained 100 *μ*L of the culture medium. To complete the final volume of 200 *μ*L, 10 *μ*L of inoculum was added (the optical density of the suspension was adjusted between 0.5 and 2.5 × 10³ Colony Forming Units (CFU)/mL according to the turbidimetric scale McFarland Standard). The plates were incubated at 37°C for 24 h for bacteria and at 35°C for 48 h for fungi. The MIC was calculated as the lowest dilution that showed complete inhibition of growth of the tested microorganism. For the bacteria, the 2,3,5-triphenyltetrazolium chloride developer was added and for the fungi it was visualized by turbidity assessment in the naked eye wells. All tests were performed in triplicate.

2.5. Toxicity Assay {#sec2.5}
-------------------

### 2.5.1. Toxicity to the Nauplii of *Artemia Salina* {#sec2.5.1}

The toxicity test with *Artemia salina* (Leach) nauplii was performed according to the methodology adapted by Silva et al \[[@B34]\].. The saline cysts were incubated at 30°C in artificial saline (23 g/L of sea salt and 0.7 g/L of sodium bicarbonate in distilled water). The culture was maintained under constant aeration and stirring 48 hours for hatching. Afterwards, ten nauplii were transferred to tubes containing artificial sea water, with three different concentrations of the extract of C*. nutans*: 0.1, 0.5, and 1.5 mg/mL. The test was performed in triplicate. The count of live and dead nauplii was performed after 24 hours. As a negative control, only artificial saline was used and as a positive control, and sodium lauryl sulfate was used. After counting live and dead nauplii, the LC~50~ and the confidence interval were calculated.

### 2.5.2. Genotoxic Evaluation in Allium Cepa {#sec2.5.2}

For the toxicity test in A. *strain*, the methodology of Tedesco and Laughinghouse \[[@B35]\] with some modifications was used. Eight groups of 5 bulbs were placed to root in distilled water for 48--72 h. After that, the bulbs were treated with different concentrations of the crude extracts (0.1, 0.5, and 1.5 mg/mL) for 48 h, with a negative control of distilled water and positive Glyphosate 2%. Subsequently, the radicles were collected and fixed in ethanol-acetic acid (3 : 1) for another 24 hours. After this period, the radicles were removed from the fixative, packed in amber glass bottles containing 70% alcohol, and stored in the refrigerator until use.

To evaluate the antiproliferative potential, radicles were collected, which were hydrolyzed in 1 M hydrochloric acid for 5 minutes, after washing in distilled water and stained with 2% acetic orcein. The lamina were made by the crushing technique \[[@B36]\] and examined by observing the phases of the cell cycle (interphase, prophase, metaphase, anaphase and telophase) with the aid of an optical microscope with a 40X objective. 1000 cells were analyzed per bulb, totaling 5000 cells per treatment, and the mean cell number values of each of the cell cycle phases of *A. cepa* were calculated. The determination of the Mitotic Index (MI) was performed according to the following equation:$$\begin{matrix}
{\text{MI } = \frac{\text{total of cells observed}\left( {\text{cells in interphase} + \text{dividing cell number}} \right)}{\text{number of cells in interphase}} \times \, 100.} \\
\end{matrix}$$

Determination of the percentage of Abnormalities (AN) was performed according to equation ([2](#EEq2){ref-type="disp-formula"}):$$\begin{matrix}
{\%\text{ abnormalities } = \frac{\text{abnormalities}}{\text{total cells}} \times \, 100.\,} \\
\end{matrix}$$

2.6. Fly Behavior Assay {#sec2.6}
-----------------------

### 2.6.1. Drosophila Stock {#sec2.6.1}

Wild-type *Drosophila melanogaster* was obtained from the National Species Stock Center, Bowling Green, OH, USA. Flies were reared on a standard corn flour diet with yeast granules as the protein source at constant temperature and humidity (22 ± 1°C; 60% relative humidity, respectively) and under a 12-h dark/12-h light cycle.

### 2.6.2. Survival Rates {#sec2.6.2}

To determine the survival rate, the flies were exposed for 7 days to different extract concentrations (15, 20, 25, 30, and 35 mg/mL) mixed to the diet and evaluated by counting the number of live flies daily until the end of the trial period. For each group, 80 flies were tested. At the end of the treatments, the number of dead flies was recorded and expressed as a percentage of surviving flies compared to the control (considered 100%).

### 2.6.3. Paraquat Exposure and *C. nutans* Extract Treatment {#sec2.6.3}

Adult flies, 1--4-day-old, were divided into the following groups: NC: Negative Control (1% sucrose); EC: Extract Control (10 mg/mL extract leaf); and PC: Positive Control (3 mM PQ); Treatments: T1: 3 mM PQ + 1 mg/mL extract; T2: 3 mM PQ + 5 mg/mL extract; T3: 3 mM PQ + 10 mg/mL extract. Flies were exposed to treatments for 4 days, and vials containing flies were maintained in an incubator at 22 ± 1°C with 60% relative humidity and a 12-h dark/12-h light cycle) before use in assays \[[@B37]\]. Exposure to PQ concentration (3 mM) and different *C. nutans* extract concentrations were based on survival curves and corresponded to minimum time and concentration required to induce significant locomotor deficits and toxicity in flies.

### 2.6.4. Negative Geotaxis Assay {#sec2.6.4}

Traditional adult flies climbing assays were effected using a negative geotaxis assay \[[@B37]\]. Flies were submitted under brief ice anesthesia and were placed in a vertical empty plastic jar (length 15 cm, diameter 2 cm/10 flies each). After recovery from cold exposure (approximately 10 min), flies were gently tapped to the bottom of the column. The number of flies that climbed from the bottom to 15 cm mark in 8 s was counted. The assay was repeated six times, and data were expressed as the means of six trials per replicate. Similar steps were followed to score for controls also.

2.7. Statistical Analysis {#sec2.7}
-------------------------

Phytochemical analyses and *in vitro* antioxidant activity results are reported as means ± SD. In vivo and ex vivo results are expressed as means ± SEM. All experiments were performed in triplicate. Multiple comparisons were performed using one-way ANOVA followed by Bonferroni\'s Multiple Comparison Test, and differences were considered significant when *p* \< 0.05, 0.01, and 0.001. Statistical analyses were performed using GraphPad Prism5 software.

3. Results {#sec3}
==========

3.1. Phytochemical Analysis {#sec3.1}
---------------------------

The qualitative phytochemical analysis of the C. *nutans* species exhibited the presence of alkaloids, coumarins, quaternary bases, phenolics, flavonoids, tannins, and free steroids. The presence of these active phytoconstituents clearly demonstrated that leaf C. *nutans* have prominent antioxidant properties and a source for further exploration in pharmacological activity.

### 3.1.1. HPLC- DAD-MS Assay {#sec3.1.1}

Results obtained by HPLC-DAD-MS analysis show six possible compounds present in the crude extract of *C. nutans* leaf ([Table 1](#tab1){ref-type="table"}). The peaks were identified by comparing the results obtained with retention times and mass spectra of the software library and external standards.

### 3.1.2. Polyphenols, Flavonoids, and Condensed Tannin Contents {#sec3.1.2}

[Table 2](#tab2){ref-type="table"}A show the results obtained to polyphenols (30.17 mg/g), flavonoids (21.64 mg/g), and condensed tannins (9.58 mg/g) in methanolic extract of C. *nutans* leaves. The presence of these compounds suggests a use as an antioxidant material.

3.2. In Vitro Antioxidant Activity {#sec3.2}
----------------------------------

### 3.2.1. DPPH and FRAP Analysis {#sec3.2.1}

The results obtained for antioxidant activity using DPPH and FRAP analyses are show in [Table 2](#tab2){ref-type="table"}B. The low IC~50~ observed in C. *nutans* leaf (345.41 ± 5.35 *μ*g/mL) means that this species has a high inhibition capacity of the DPPH radical with a small amount of sample. The same behavior was observed for ferric reducing antioxidant power assay (FRAP) (379.98 ± 39.25 *μ*g/mL).

### 3.2.2. TBARS, Protein Carbonyl, and DCFH Assay {#sec3.2.2}

Three different concentrations of *C. nutans* extract leaf were subjected to the thiobarbituric (TBARS), protein carbonyl, and DCFH assay.

As seen in [Figure 1](#fig1){ref-type="fig"}, the extract reduced the concentration of TBARS and carbonyl, as well as neutralized peroxyl radicals at the three concentrations tested ([Figure 1](#fig1){ref-type="fig"}). TBARS assay demonstrated significant differences between the results obtained for all three samples where the extract concentrations show values lower than the positive and negative controls ([Figure 1(a)](#fig1){ref-type="fig"}). It can be inferred that the C. *nutans* leaf has antioxidant activity, preventing lipid oxidation.

According to statistic results, the three extract concentrations present significant changes in protein carbonyl content as show in [Figure 1(b)](#fig1){ref-type="fig"}. The leaf extract prevented the natural oxidative damage of the cells, i.e, protected the tissue from protein and lipid damage. The concentrations of 1 mg/mL and 10 mg/mL present similar results and a maximum protection of the protein tissue.

The ability to neutralize oxygen radicals was determined using DCFH assay ([Figure 1(c)](#fig1){ref-type="fig"}). Results obtained demonstrated that leaf extract have the ability to decrease activity of oxygen radical species. The three extract concentrations tested present values lower than the control, principally to the concentration of 0.1 mg/mL.

### 3.2.3. TBARS Induced by Ferrous Sulphate (FS) {#sec3.2.3}

In order to verify the potential of the species under study to protect lipid peroxidation induced by ferrous sulfate, egg yolk was used as lipid source. In this way, it can be observed that there was no increase in the concentration of malondialdehyde (MDA) in the sample ([Figure 2](#fig2){ref-type="fig"}), indicating that the extract does not generate lipid peroxidation at the three concentrations analyzed, not differing statistically with the negative control and between them. Regarding the treatments with induction of damage (ferrous sulfate), it was found that the extract in the lowest concentrations was not able to protect lipid peroxidation, not differing statistically from the positive control. However, for the concentration of 1000 *μ*g/mL, it was observed a decrease in MDA (promising result), demonstrating that at this concentration *C. nutans* leaf extract was able to decrease the lipid peroxidation caused by ferrous sulfate.

3.3. Antimicrobial Activity {#sec3.3}
---------------------------

Evaluation of antimicrobial activity of C. *nutans* leaf was carried out in crude extract and for hexane, chloroform, ethyl acetate, and butanol fractions. However, only positive result (antimicrobial activity) was observed for the hexane fraction ([Table 3](#tab3){ref-type="table"}). The hexane fraction significantly inhibited the microorganisms *E. epidermidis, C. tropicalis, C. glabrata, and C. krusei* at a concentration of 1000 *μ*g/mL.

3.4. Toxicity and Genotoxicity {#sec3.4}
------------------------------

The toxicity of *C. nutans* was evaluated by the *Artemia salina* (*A. salina*) assay, analyzing the lethal concentration for 50% of the nauplii (LC~50~) ([Table 4](#tab4){ref-type="table"}). After that, the *Allium cepa* (*A. cepa*) test was performed with previously standardized concentrations in *Artemia salina*.

The *A. salina* test demonstrated that *C.nutans* leaf presented moderate toxicity (342.89 *μ*g/mL) indicating a LC~50~ almost 6 times higher than the positive control sodium lauryl sulphate (57.80 *μ*g/mL).

The genotoxicity test ([Figure 3](#fig3){ref-type="fig"}) did not indicate significant difference in MI of leaf concentrations tested ([Figure 3(a)](#fig3){ref-type="fig"}) in relation to the negative control, demonstrating that the extract did not interfere with the MI. Statistical analysis of the abnormalities showed that, in the three concentrations in which extracts (0.1, 0.5, 1.5 mg/mL) were tested, there was a significant difference from the glyphosate positive control ([Figure 3(b)](#fig3){ref-type="fig"}), demonstrating that the sample did not show genotoxicity to *A. cepa* roots. However, in the analysis of damage prevention, it is possible to observe in the three leaf concentrations that are statistically equal to the positive control, indicating, for these concentrations, that the extract was not able to prevent glyphosate damage.

3.5. *Drosophila melanogaster* Assays {#sec3.5}
-------------------------------------

### 3.5.1. Survival {#sec3.5.1}

The determination of the lethal concentration of *C. nutans* leaf extract, that kills 50% (LC~50~) of a test population of the common fruit fly, *Drosophila melanogaster (D. melanogaster)*, which is the benchmark concentration for toxicity studies. In this study, the LC~50~ of *C. nutans* leaf extract obtained was 24.83 mg/mL five days after exposure at the concentrations tested ([Figure 4](#fig4){ref-type="fig"}). This result demonstrated that the extract leaf has a low degree of toxicity and suggest that can be used in pharmacological studies future.

### 3.5.2. Paraquat Exposure and *C. nutans* Leaf Extract Treatment {#sec3.5.2}

Paraquat (PQ, 1,10-dimethyl-4,40-bipyridinium dichloride) is commonly used in the laboratory to generate oxidative stress. *In vivo*, PQ radical reacts with oxygen to generate superoxide anion, a reactive oxygen species (ROS). Posteriorly, excess of ROS and depletion of reducing agents lead to oxidative stress, resulting in ROS damages of lipids, proteins, and DNA, potentially leading to cell death \[[@B38]\]. In the present study, flies were exposed to treatments for 4 days exposure to PQ (3 mM) and *C. nutans* extract leaf at the three concentrations (1, 5, and 10 mg/mL). Results demonstrated that the extract leaf tested show a reduced fly mortality by approximately 40% in relation to PQ ([Figure 5](#fig5){ref-type="fig"}), demonstrating that the extract is able to prevent PQ damage.

### 3.5.3. Negative Geotaxis Assay {#sec3.5.3}

The use of *C. nutans* leaf extract to remedy the effect caused to the locomotor system (neurotoxic effect) by the use of the herbicide PQ was evaluated using *D. melanogaster* as a model. The use of PQ as a stressor is well-documented in the literature, affecting the nervous system and, consequently, the locomotor system \[[@B39]\].

Three concentrations of *C. nutans* leaf extract (1, 5 and 10 mg mL^−1^) and their effects on the PQ neurostressor (3 mM) were used. Negative geotaxis assay result ([Figure 6](#fig6){ref-type="fig"}) indicates a dose-dependent behavior on *C. nutans* extract on locomotor activity. An increased neuroprotective effect is observed with increasing concentration of the extract. This behavior is first observed in *C.nutans* species. A similar effect was observed by our research group \[[@B40]\] using Bougainvillea leaf extract and PQ.

4. Discussion {#sec4}
=============

Phytochemical screening for *C. nutans* leaves revealed the presence of polyphenols, flavonoids, alkaloids, coumarins, condensed tannins, quaternary bases, and free steroids. No studies have been observed in the literature to prove the presence of all these phytoconstituents, neither at genus, and only coumarins was described by Truiti and Sarragioto \[[@B18]\] for the species. Positive results for the presence of flavonoids, coumarins, tannins, and steroids were found for the crude extract of *Tithonia diversifolia* leaves and negative for saponins \[[@B41]\], similar to the results obtained by us as *C. nutans* belong to the same family.

Chromatographic analysis (HPLC-DAD-MS) shows that the composition of the methanolic extract of *C. nutans* leaves contains phenolic compounds, a large number of substances, from single molecules to others with a high degree of polymerization \[[@B42]\] and present in vegetables in free form or linked to sugars (glycosides) and proteins \[[@B43]\]. Phenolic compounds are divided into three major groups: flavonoids and derivatives, phenolic acids (benzoic acids, cinnamic acids, and their derivatives), and coumarins \[[@B44]\]. They have a wide variety of substances characterized by the presence of one or more aromatic rings attached to at least one hydroxyl radical and/or other substitutes. It can be divided according to the number of phenolic rings and the structures to which they are attached \[[@B45]\]. Results ([Table 1](#tab1){ref-type="table"}) revealed that phenolic acids were the most abundant polyphenols detected for *C. nutans* leaf extract as quinic acid, 4-phenylbutiric acid, isoferulic acid, 5-hydroxyanthranilic acid, 3-hydroxybenzoic acid, and arbutin. According to the literature, quinic acid is a potent antioxidant \[[@B46]\], hepatoprotective \[[@B47]\], and can be used to combat prostate cancer \[[@B48]\]. Studies have shown that the use of 4-phenylbutirc acid in the regulation of oxidative stress attenuated cell damage and acted as a cytoprotector and may be related to inhibition of oxidative stress \[[@B49]\]. Yang et al. \[[@B50]\] claim that the ability of ethanolic propolis extracts to act as antioxidants and to eliminate free radicals is due to the presence of phenolic acids, including isofeluric acid. Bakr \[[@B51]\], studying *Artemisia judaica*, observed a powerful free radical scavenging activity compared to ascorbic acid justifying this activity to the high content of phenolic and flavonoid acids, among the phenolic acids is the presence of isofeluric acid. Arbutin is a phenolic glycoside of plants, well known for medicinal value and widely used in cosmetics. Studies have proven its antifungal and antioxidant activity \[[@B52]\] and effectively used to treat urinary tract infections \[[@B53]\]. 3-hydroxybenzoic acid, not a secondary plant metabolite, was found in small quantities in green tea samples by Gruz et al. \[[@B54]\], suggesting that possible contamination may have occurred by microorganisms found in soil and/or animal excreta. Similar result may have occurred in our study. 5-hydroxyanthranilic acid is an acid that contains portions of coumaric, caffeic, and ferulic acid, being found in avenanthramides organic molecules extracted from oats, widely used in cosmetics \[[@B55]\]. The qualitative analysis of the main compounds present in the extract of *C. nutans* leaves may be useful to clarify the relationships between the content of phenolic compounds and total flavonoids and their antioxidant capacity.

Flavonoids, tannins, and phenolic substances are constituents of plants with potential antioxidant activity, mainly because they act as free radical scavengers \[[@B56]\]. Regarding the presence of these metabolites, no quantification studies were found in the literature, neither for species nor for *Chaptalia* genus. The results obtained for tannins, flavonoids, and polyphenols in *C. nutans* species (Table 2A) may justify their popular use as a laxative and bicheal internally and in topical preparations under injury, trauma, and hemorrhage \[[@B12], [@B14]\], due to the pharmacological potential of many species of the Asteraceae family to be related to the high tannin and flavonoid concentrations \[[@B57]\], since many of their medicinal properties are often attributed to these secondary metabolites.

Pretti et al. \[[@B41]\] found values for the flavonoids and polyphenols content for *T. diversifolia leaves*, as verified in our study, differing only in the tannin content, which was found in greater quantity. Nalewajko-Sieliwoniuk et al. \[[@B58]\] observed a high content of phenolic compounds in the methanolic extracts of the shoots, mainly in the *Erigeron acris* leaves, a species belonging to the Asteraceae family. Additionally, Johari and Khong \[[@B59]\] observed for *P. bleo* methanolic extract a content of phenolic compounds (40.82 mg GAE/g) close to that found for *C. nutans* leaves (30.17 mg GAE/g). The authors justify the high antioxidant capacity of the species for having a high content of phenolic compounds.

Flavonoids are a class of polyphenols that are abundantly present among plant secondary metabolites. These compounds have great pharmacological importance, resulting from some properties of this class as anticarcinogenic, anti-inflammatory, antiulcerogenic, antiviral \[[@B60]\], antimutagenic, antioxidant and antimicrobial action \[[@B61]\], antiallergic, antihepatotoxic, antiosteoporotic, and even antitumor \[[@B62]\].

Nowadays, there is much interest in tracking the antioxidant activity of plant or food extracts to investigate possible medicinal properties \[[@B63]\]. For the evaluation of antioxidant activity, one of the methods used was the DPPH (2,2-diphenyl-1-picrylhydraza) method, one of the most effective, simple, and reliable *in vitro* methods that has the ability to sequester free radicals. DPPH is stable violet organic nitrogen radical and has a maximum absorption in the range of 515--520 nm \[[@B64]\], where the lower the IC~50~, the higher the antioxidant activity of the material. For the DPPH method, the extract of *C. nutans* leaves presented an intermediate value (Table 2B), indicating moderately antioxidant activity of the extract. For the *U. baccifera* species, a moderate intensity activity has been described in this \[[@B65]\] due to the high IC~50~ reported (118.31 *μ*g/mL). Choi et al. \[[@B26]\] reinforce that due to the complexity of the chemicals present in crude extracts, it is necessary to evaluate the antioxidant capacity of the plant by at least two methods.

In this sense, another method for evaluating antioxidant activity used was the Ferric Reducing Antioxidant Power (FRAP) method; it is being widely used among antioxidant analyses as it is an analysis that involves the reduction of Fe^3+^ to Fe^2+^, changing its coloration to blue in the presence of antioxidant substances \[[@B27]\]. The reducing power obtained for the species under study was 379.98 ± 39.25 *μ*g/mL (Table 2B), demonstrating a promising antioxidant capacity, since for studies with species of the same family were found similar values for the leaves of *T. diversifolia* (334 *μ*g/mL), using the same methodology, exhibiting antioxidant activity \[[@B41]\]. The same authors state that the reducing activity of the extract may occur due to the high content of polyphenols, flavonoids, and tannins.

To evaluate the oxidative stress parameters, the effect of the crude extract of *C. nutans* leaves on lipoperoxidation, protein oxidation, and the neutralizing capacity of oxygen radicals was measured through the levels of TBARS, carbonyl protein, and DCFH. Results demonstrate that the extract has the ability to protect the cell from protein and lipid damage, as well as the inhibition of oxygen-derived radicals at the three concentrations tested, 0.1, 1, and 10 mg/mL (Figures [1(a)](#fig1){ref-type="fig"}--[1(c)](#fig1){ref-type="fig"}). Bahramikia et al. \[[@B66]\] observed in the crude (ethanol) extracts of *T. polium* and *C. rotunduns* the significant effect of the extracts on protein oxidation inhibition and lipid peroxidation levels compared with the control. Esteves and Cava \[[@B67]\] affirm that there is evidence that protein oxidation may be associated with lipid oxidation.

[Figure 1(a)](#fig1){ref-type="fig"} shows the effect of *C. nutans* extract on lipid peroxidation level according to TBARS assay without the presence of an inducing agent. The presence of this agent generates reactive oxygen and nitrogen species (RONS), which among free radicals are the main oxidizing agents. In this sense, another TBARS test was performed using ferrous sulfate as an inducing agent. Result indicates the great effect of the extract to 1000 *μ*g/mL, reversing the induced damage ([Figure 5](#fig5){ref-type="fig"}) and thus avoiding lipid peroxidation, which can be defined as a set of biochemical events resulting from the action of radicals on cell membrane unsaturated lipids, leading to destruction of their structure, failure of metabolite exchange mechanisms, and cell death \[[@B68], [@B69]\]. Oxidative stress results from an imbalance between the generation of oxidizing compounds and the action of antioxidant defense systems. Antioxidant defense mechanisms aim to limit RONS levels and control the occurrence of cell damage \[[@B70], [@B71]\].

Budni et al. \[[@B72]\], using a similar methodology, verified for the crude extract of *Tabebuia heptaphylla* leaves a reduction in ferrous sulphate-induced lipid peroxidation in three different concentrations tested. The same behavior was observed to ethanolic extract of *Mikania glomerata* leaves, where it was able to reduce induced lipid peroxidation \[[@B73]\]. Both studies cited confirm the antioxidant capacity of the species, which corroborates our studies. The high *in vitro* antioxidant capacity of the crude extract of *C. nutans* leaves is due to the presence of active substances such as phenolic compounds and the presence of coumarins \[[@B73]\], which are antioxidant compounds. These results are in agreement with the literature that among the several classes of naturally occurring antioxidant substances, phenolic compounds in plants have received attention in recent years, as it covers a range of substances, from simple molecules to those with a high degree of polymerization, proving the antioxidant activity of phenolic acids in inhibiting lipid peroxidation \[[@B74], [@B75]\].

The crude extract of the species studied was able to significantly reduce the oxidation of DCFH compared to the basal group ([Figure 1(c)](#fig1){ref-type="fig"}), demonstrating pronounced antioxidant activity in the three concentrations tested, which indicates that the extract of *C. nutans* leaves has the ability to neutralize different sources of RONS.

Similar results were observed by de Brum et al. \[[@B76]\] for the crude extract of *V. Megapotamica* leaves, which is considered an antioxidant species. The effect of reduction on oxidative stress observed in *C. nutans* can be attributed to the phytochemical composition of the extract. It is suggested that this effect is due to the presence of polyphenols, flavonoids, and tannins found, contributing to the antioxidant activity and also due to the demonstrated ability to eliminate RONS. Fabri et al. \[[@B64]\] and Paula et al. \[[@B77]\] also observed antioxidant activities in other Asteraceae species confirming the widespread popular use of this family in pathologies related to RONS production.

The ability of phenolic compounds to act as antioxidants depends on intrinsic factors, such as their own chemical structure and the intensity of oxidative reactions \[[@B78]\]. The significant antioxidant activity demonstrated by methanolic extract of *C. nutans* leaves has a positive relationship with the presence of phenolic compounds. Studies have shown that the antioxidant capacity of crude *P. bleo* leaf extract is highly associated with the total flavonoid content and total phenolic compounds present in the plant \[[@B59]\]. Corroborating our results for *C. nutans*, Taskin et al. \[[@B79]\] demonstrated that *A. grandifolia* is rich in flavonoids and phenolic acids and can be a good natural source of antioxidant.

In the last two decades, studies have been conducted with medicinal plants in different countries to prove their effectiveness as antimicrobial agents. Maddila and Hemalatha \[[@B80]\] report that global antibacterial resistance is becoming a growing public health problem, as bacterial resistance to most available antibacterial has been reported. The pharmaceutical industry and new biotechnology companies are intensifying efforts to discover new antibacterial in attempts to overcome bacterial resistance \[[@B80]\]. In this sense, the crude extract of *C. nutans* leaves and their fractions (hexane, chloroform, ethyl acetate, and butanol) was tested, but only the hexane extract of the leaves was promising against the microorganisms ([Table 3](#tab3){ref-type="table"}). Truiti et al. \[[@B19]\] tested the crude extract and root fractions of *C. nutans* against *S. aureus, E. coli*, *and P. aeruginosa* being the extract considered susceptible to *S. aureus* and resistant to *E. coli* and *P. aeruginosa*. Antimicrobial activity for extracts of *C. nutans* leaves was previously reported by Heinrich et al. \[[@B81]\] where they observed action on *E. coli, B. subtilis*, *and M. luteus* and by Souza et al. \[[@B17]\] who reported action only for *B. subtilis* being resistant to the other microorganisms tested, including *E. coli*. Our results are in agreement with those of Truiti et al. \[[@B19]\] and Souza et al. \[[@B17]\] which show resistance of *E. coli* on leaf extract differing from the results of Heinrich et al. \[[@B81]\]. Such differences in the action of the extract on the same microorganism may be related to the different extraction techniques. The ability of leaf extract to inhibit the growth of microorganisms is caused by the presence of secondary metabolites in plant cells \[[@B82]\]. According to Janovik et al. \[[@B83]\], tannin-rich plants are used in folk medicine as antiseptic because the basis of their mechanism of action is the ability to precipitate proteins, forming a tannin-protein complex on damaged tissues preventing the development of microorganisms. . Thus, we can infer that the low tannin content in the extracts of *C. nutans* leaves is not sufficient for it to have a good antimicrobial potential.

The *Artemia salina* (*A. Salina*) toxicity test is a biological assay considered as one of the most widely used tools for preliminary toxicity assessment of plant extracts \[[@B84]\]. Extracts of plants with high toxicity against *A. salina* suggest high potential for biological activities, so it is very useful to use this bioassay in the direction of phytochemical studies in the search for bioactive substances \[[@B85]\]. In this sense, the LC~50~ (342.89 *μ*g/mL) found for the extract of *C. nutans* leaves ([Table 4](#tab4){ref-type="table"}) suggests that it has moderate toxicity. According to NGUTA et al. \[[@B86]\], both organic extracts and aqueous extracts with LC~50~ values lower than 100 *μ*g/mL have high toxicity, LC~50~ between 100 and 500 *μ*g/mL have moderate toxicity, LC~50~ between 500 and 1000 *μ*g/mL have low toxicity, and LC~50~ above 1000 *μ*g/mL are considered nontoxic. Similar results were found for the methanolic extract of *Callicarpa candicans* (Verbenaceae) leaves with LC~50~ 383.9 *μ*g/mL which also antimicrobial activity \[[@B82]\] for the ethanolic extracts of the stem and leaves of *Dasyphyllun tomentosum* \[[@B87]\], *Neurolaena lobata* leaves \[[@B81]\], and *Mikania cordata* leaves \[[@B88]\] where they presented moderate toxicity and absence of toxicity using the *A. salina* model, which belong to the Asteraceae family and have antimicrobial and antitumor potential.

Due to its reliability and agreement with other genotoxicity assays, the *Allium cepa (A.cepa)* test system is generally employed for the preliminary evaluation of the genotoxicity of medicinal plants \[[@B35], [@B89]\]. The effects of medicinal plant infusions on the *A. cepa* cell cycle have been reported by several authors \[[@B90], [@B91], [@B92]\], which showed that the main effects that occur are mutagenicity and antimutagenicity, as well as increase and decrease of cell proliferation of root tips treated with different species of medicinal plants. The extract of the leaves of *C. nutans* did not inhibit the mitotic index and did not cause abnormalities in the concentrations were tested ([Figure 2](#fig2){ref-type="fig"}), thus showing no antiproliferative effect or genotoxic to *A. cepa* cells. Using the same methodology, Frescura et al. \[[@B93]\] found no genotoxic and antiproliferative action for the leaves and bark of *Luehea divaricata*, and the same behavior was observed for extract of *Euphorbia hirta* \[[@B94]\], *Icacia trichantha* leaf extracts \[[@B95]\], and *Amaranthus spinosus* aqueous extracts \[[@B91]\]. Regarding the ability to prevent glyphosate damage, the species under study was not promising, but did not cause chromosomal anomalies, demonstrating that its popular use will not cause cellular damage. Thus, it can be said that the *A. salina* toxicity bioassay and the *A. cepa* genotoxicity assay were effective to obtain preliminary results regarding the toxic potential of *C. nutans*. Additionally, the fractionation of these extracts can help in their safety evaluation in order to confirm the safety of the use of this plant by the population.

As the first model to evaluate the toxicity of the extract was the LC~50~ assay with *A. salina*, it is a simple, fast, and less expensive model. It was demonstrated that the concentration required to kill half of the individuals was 6 times in relation to positive control concentration, demonstrating that the extract has low toxicity against this model. Thus, searching a more complex experimental model, *D. melanogaster* was used, which is an *in vivo* organism widely used as an experimental model, presenting a range of advantages such as short life cycle, low maintenance cost, and ease of handling. In addition to having its genome sequenced \[[@B96]\] and its well-studied CNS, it is composed of about 1000 neurons, making it a great model for evaluating plant extract toxicities, neurotoxicity, and neurodegenerative diseases \[[@B40], [@B97], [@B98]\].

Regarding the toxicity of *C. nutans* extract against *D. melanogaster*, it was found that until the concentration of 15 mg/mL the extract showed no toxicity and that the LC~50~ obtained was 24 mg/mL ([Figure 4](#fig4){ref-type="fig"}), distant values of the concentrations were used in the defense tests against oxidative stress. Brito Junior et al. \[[@B99]\] verified for crude extract of *Croton campestris* leaves a LC~50~ of 26.51 mg/mL after 4 days of treatment, approximately as found for *C. nutans* in 5 days of treatment, showing that the species under study is safe because it needs a very high concentration to be toxic, indicating that it may have pharmacological application of the extract in the future.

In this way, the effect of methanolic extract of *C. nutans* leaves on *D. melanogaster* poisoning and locomotor damage caused by PQ herbicide was tested, being widely used as stressor agent in behavioral and intoxication tests. In the last decade, the toxicity of PQ has been described after this herbicide is responsible for significant brain damage and death of individuals following acute exposure \[[@B100]\] being very useful for evaluating neuroprotective compounds against movement disorders and PQ-induced neurodegeneration \[[@B101]\]. The extract of *C. nutans* leaves proved to be effective in reversing the action of herbicide on fly intoxication ([Figure 5](#fig5){ref-type="fig"}), reducing mortality by 40% and the ability to reverse locomotor damage ([Figure 6](#fig6){ref-type="fig"}) induced by PQ, since a better fly performance was observed in climbing at higher concentrations, indicating that the extract has the ability to protect against mortality and brain damage induced by PQ. Soares et al. \[[@B40]\] observed similar results where the action of *Bougainvillea glabra* extract was able to reduce the mortality rate and neurotoxicity of flies when used concomitantly with PQ. Also, it was found that *Decalepis hamiltonii* root extracts were able to protect flies from mortality and PQ-induced locomotor impairment \[[@B39]\]. Different results for *Croton campestris* hydroalcolic extract were observed and it was toxic when administered concomitantly with PQ, increasing the mortality rate, as well as changing the locomotor behavior of flies \[[@B99]\].

Exposure to PQ herbicide is recognized as a major risk factor for the manifestation of neurodegenerative diseases. PQ neurotoxicity is attributed to its cyclic redox effect that generates a significant amount of reactive oxygen species (ROS) leading to oxidative stress \[[@B40]\]. Results show that the three concentrations used to prevent PQ damage were effective in reducing fly mortality ([Figure 5](#fig5){ref-type="fig"}) and improving locomotor capacity ([Figure 6](#fig6){ref-type="fig"}), as it is known that these effects caused by PQ come from oxidative stress, several studies that consider oxidative stress as the main mechanism of PQ-induced toxicity \[[@B96]\]. These results show that the good *in vitro* antioxidant activity may be related to this protective effect of PQ damage in *in vivo* models. This is justified by the presence of antioxidant compounds identified in the extract, since phenolic compounds present in plants have redox properties, which act as antioxidants \[[@B59]\], and their protective effects against PQ alone have been proven \[[@B39]\].

According to the results of cytotoxic, neurotoxic, antioxidant capacity, and HPLC-DAD-MS assays, methanolic extract of *C. nutans* leaves can be used as a source of natural antioxidant, however, additional *in vitro* studies, as cell cuttings and *in vivo* with rodent and aquatic species. In addition, further investigation is needed to reveal whether the extract can reduce other dysfunctional factors involved in the neurodegeneration process.

5. Conclusion {#sec5}
=============

This study demonstrates in an unprecedented way that the crude extract of *C. nutans* leaves is rich in phenolic compounds and flavonoids and has the capacity to neutralize different sources of ROS, as well as presents low toxicity and absence of cyto- and genotoxicity. Thus, it is suggested that there is a synergism between the chemical composition of the extract, especially phenolic compounds, with the high antioxidant capacity demonstrated through different analysis techniques and the neuroprotective action of the extract where it was able to protect against oxidative damage and locomotor in *D. melanogaster* caused by PQ. Therefore, our results open the way for the possible development of natural antioxidants after further studies for the isolation of compounds and more specific investigations to elucidate the mechanisms of action of the extract at more complex cellular and organism levels, as well as its pharmacological evaluation.
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![Evaluation of the antioxidant activity of the crude extract of *C. nutans* leaves by lipoperoxidation assay (TBARS) (a), carbonyl protein levels (b), and chemical deacetylation of DFCH-DA compound (c). Different letters represent statistical differences according to the Tukey test (\<0.001).](APS2020-3260745.001){#fig1}

![NC: Negative Control (buffer solution); PC: Positive Control (FS = Ferrous sulfate) (FS 13.9 *μ*g/mL); Extract control (EC1: Extract Control 10 *μ*g/mL; EC2: Extract Control 100 *μ*g/mL; EC3: Extract Control 1000 *μ*g/mL); and treatment (T1: FS 13.9 *μ*g/mL + extract 10 *μ*g/mL; T2: FS 13.9 *μ*g/mL + extract 100 *μ*g/mL; T3: FS 13.9 *μ*g/mL + extract 1000 *μ*g/mL). Different letters represent statistical differences according to the Tukey test (*p* \< 0.0001).](APS2020-3260745.002){#fig2}

![(a) Mitotic Index (MI) and (b) Percentage of Abnormalities (AN) for *C. nutans* leaf obtained in the *Allium cepa* assay. Different letters represent statistical differences according to the Tukey test (\<0.001).](APS2020-3260745.003){#fig3}

![LC~50~ (24.83 mg/mL) of the hydromethanolic *C. nutans* extract leaf response among adult *Drosophila melanogaster* exposed to PQ in the feed. The results expressed in percentage of survivor flies presented correspond to the concentrations of the 15, 20, 25, 30, *e* 35 mg/mL. The test was effected in quadruplicate. *R*^2^ = 0.8997.](APS2020-3260745.004){#fig4}

![PQ poisoning control trial represented by mortality (number of dead individuals) per group. NC: Negative Control (1% sucrose); EC: Extract Control (10 mg/mL extract leaf); PC: Positive Control (3 mM PQ); and treatment: (*T*1 = 3 mM PQ + 1 mg/mL extract; *T*2 = 3 mM PQ + 5 mg/mL extract; *T*3 = 3 mM PQ + 10 mg/mL extract). Different letters represent statistical differences according to Tukey\'s test (*p* \< 0.0001).](APS2020-3260745.005){#fig5}

![Effect of *C. nutans* extract on negative geotaxis (10 flies per replicate) in flies exposed to paraquat for 4 days (*n* = 3). NC: Negative Control (1% sucrose); EC: Extract Control (10 mg/mL extract leaf); PC: Positive Control (3 mM PQ); and treatment: (*T*1 = 3 mM PQ + 1 mg/mL extract; *T*2 = 3 mM PQ + 5 mg/mL extract; *T*3 = 3 mM PQ + 10 mg/mL extract). Different letters represent statistical differences according to Tukey\'s test (*p* \< 0.0001).](APS2020-3260745.006){#fig6}

###### 

Compounds identified in extracts of *Chaptalia nutans* by HPLC-DAD-MS.

  Sample                      Compound      Rt (min)   (M-H) (*m*/*z*)   Fragment ions in MS/MS (*m*/*z*)              Reference
  --------------------------- ------------- ---------- ----------------- --------------------------------------------- -------------------------
  LV                          Quinic acid   2.4--2.9   191               103, 133                                      Bouhafsoun et al., 2018
  4-Phenylbutyric acid        3.0--3.4      147                          Kato-Noguchi, 2008                            
  Isoferulic acid             14.2--15.5    193        134               Aghraz et al., 2018; Bakr, 2014; Yang, 2011   
  5-Hydroxyanthranilic acid   3.5--4.0      107        ---               Magee et al., 2007                            
  3-Hydroxybenzoic acid       2.6           93         ---               Gruz et al., 2008                             
  Arbutin                     14.4--14.6    108        ---               Ekiert et al., 2012; Urbanska et al., 2014    

Rt = retention time; (M-H)^−^ (*m*/*z*) = molecular ion peak in negative mode.

###### 

A: Polyphenols, flavonoids, and condensed tannins contents. B: IC~50~ results (DPPH) (*μ*g/mL ± SD). Ferric reducing antioxidant power (FRAP) assay (*μ*M FeSO~4~/mg sample). Results for crude extract (CE) of C. *nutans* leaf.

                                        CE ± SD *C*. *nutans* leaf
  ------------------------------------- ----------------------------
  A                                      
  Polyphenols (mg/g ± SD)               30.17 ± 1.44
  Flavonoids (mg/g ± SD)                21.64 ± 0.66
  Condensed tannins (mg/g ± SD)         9.58 ± 0.99
                                        
  B                                      
  DPPH IC~50~ (*μ*g/mL ± SD)            345.41 ± 5.35
  FRAP assay (*μ*M FeSO~4~/mg sample)   379.98 ± 39.25

CE: crude extract; SD: standard deviation.

###### 

Results of antimicrobial activity for hexane fraction of C. *nutans* leaf.

  Bacterium/fungi    Leaf
  ------------------ ------------------
  *E.coli*           \>2000 *μ*g/mL
  *S. epidermidis*   1000 *μ*g/mL
  *C. tropicalis*    1000 *μ*g/mL
  *C. glabrata*      1000 *μ*g/mL
  *C.krusei*         1000 *μ*g·mL^−1^

###### 

Lethal concentration for 50% of *Artemia salina* nauplii (LC~50~) and confidence interval obtained for *C. nutans* leaf and the positive control.

                          LC~50~ (*μ*g/mL) \>   Confidence interval (*μ*g/mL)
  ----------------------- --------------------- -------------------------------
  Leaf                    342.89                207.06--478.75
  Sodium lauryl sulfate   57.80                 56.10--59.40
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